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(54) Linear voice coil control retractor 

(57) An actuator for precisely moving and position- 
ing a manufacturing component includes a housing on 
which a magnet (26) is mounted. An electromagnetic 
coil (36) is slidingly mounted on the housing for move- 
ment within the magnetic field generated by the magnet. 
A rod, having a member (34) for gripping the compo- 
nent, is attached for translational movement with the 
electromagnetic coil. In the operation of the actuator, a 
current is selectively applied to the electromagnetic coil. 
The current in the coil creates a magnetic field that 
moves the electromagnetic coil and the attached grip 
within the magnetic field to position the component as 
desired in translation. A retractor (50) causes the grip to 
preferentially adopt a predetermined position, or dwell 
configuration. 
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Description 

FIELD OF INVENTION 

The present Invention pertains generally to ma- 
chines which are useful for the automated assembly of 
products. More specifically, the present invention per- 
tains to apparatus and devices which are useful for in- 
specting, assembling and positioning component parts 
in a product assembly process. The present invention 
is particularly, but not exclusively, useful as an actuator 
for the quick movement and precise positioning of rela- 
tively fragile component parts during an automated as- 
sembly procedure while generating both extremely light 
forces and normal forces on the component parts. 

BACKGROUND OF THE INVENTION 

Numerous devices have been developed to aid in 
the automated assembly of goods and products. In each 
instance, automated assembly devices have been em- 
ployed with a view toward increasing the reliability, effi- 
ciency and accuracy of the methods, procedures and 
processes which are followed during the manufacture 
and the assembly of a completed product. Indeed, the 
vast majority of consumer products are now manufac- 
tured on assembly lines using automated assembly de- 
vices. 

One type of device that is useful for automated as- 
sembly is the linear voice coil actuator. Actuators of this 
type may be used to move and position assembly com- 
ponents and offer a unique combination of compact de- 
sign, light action handling and high precision movement. 
In general, this combination of features is not attainable 
using more traditional assembly actuators such as so- 
lenoids, stepper motors or pneumatic devices. For these 
reasons, the voice coil actuator is becoming an increas- 
ingly popular component in design and construction of 
automated assembly apparatus. 

Structurally, linear voice coil actuators generally in- 
clude an electromagnetic coil slidingly mounted to 
traverse the length of a fixed-pole magnet. The electro- 
magnetic coil consists of a hollow bobbin or spool which 
is wrapped in electrically conductive windings. Electric 
current applied to the windings causes the coil to slide 
along the fixed-pole magnet and the force generated by 
the coil and the direction of movement of the coil may 
be controlled by appropriate adjustments to the electric 
current. A grip or other manipulation means is attached 
to move translationally with the electromagnetic coil. In i 
general, the electric current applied to the coil may be 
used to translationally position the grip at either a fully 
retracted configuration, a fully extended configuration or 
any intermediate configuration. 

In operation, the grip is used to grasp an assembly s 
component. An electric current is then applied to the coil 
to cause the coil and grip to move or otherwise reposi- 
tion the component translationally. When the compo- 



nent has reached the desired position, the grip releases 
the component. The process is then repeated for addi- 
tional components. A linear voice coil which includes 
these basic elements is disclosed in United States Pat- 
s ent 5,315,189 which issued to Neff for an invention en- 
titled "Actuator with Translational and Rotational Con- 
trol." 

The basic design for a linear voice coil actuator, as 
generally described in the preceding paragraphs, has 
w been adapted to perform a wide range of assembly 
tasks and procedures. In particular, the basic actuator 
design has proven to be a highly effective means for 
transporting or repositioning assembly components 
over short vertical distances. When used in this fashion, 
5 the grip is used to grasp an assembly component. An 
electric current then causes the grip to move in transla- 
tion to lift, or otherwise vertically reposition, the assem- 
bly component. The entire actuator may then be moved 
in translation or in rotation before the component is re- 
o leased and the process repeated. The use of linear 
voice coil actuators as a means to perform this type of 
vertical repositioning has been found to be particularly 
useful when used in combination with moving assembly 
lines where a sequence of assembly components are 
2S passed under the actuator. 

The use of linear voice coil actuators, as a means 
of vertically repositioning assembly components, is not 
without its difficulties. One such difficulty involves the 
speed with which the actuator can translationally relo- 
30 cate assembly components. More specifically, it may be 
appreciated that in cases where heavy components are 
to be relocated, the actuator will tend to respond more 
slowly as it works to overcome the weight of the com- 
ponent. The tendency to work more slowly, of course, 
35 increases cycle time and slows production. 

Another difficulty associated with the use of linear 
voice coil actuators as a means of vertically reposition- 
ing assembly components involves power consumption 
and heat dissipation. More specifically, it may be appre- 
40 ciated that during the course of a particular assembly 
process, the actuator will repeatedly cycle through a 
range of translational configurations. As previously dis- 
cussed, the configurations range from the configuration 
where the grip is fully retracted to the configuration 
45 where the grip is fully extended. Additionally, during typ- 
ical operation, the actuator will be caused to hold each 
successive translational configuration for some meas- 
urable period of time or interval. Intervals where the ac- 
tuator lingers at a particular translational configuration 
so are generally referred to as dwell periods. 

During each dwell period, an actuator which is con- 
figured to lift assembly components will continuously 
consume electrical energy as the force supplied by the 
coil resists the combined weight of the assembly corn- 
's ponent and grip. As this energy is consumed, there is, 
of course, a resulting output of waste heat from the elec- 
tromagnetic coil. In cases where a particular dwell peri- 
od has a long duration, heat production from the elec- 
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tromagnetic coil may be substantial, especially in cases 
where heavy assembly components are being manipu- 
lated. 

Unfortunately, waste heat produced by the actuator 
may be problematic. More specifically, there is a tenden- 
cy for waste heat to accumulate within the actuator. As 
the actuator becomes hotter, the internal efficiency of 
the actuator decreases and the actuator requires an in- 
creased amount of electrical current to perform the 
same work. Additionally, in cases where the amount of 
heat exceeds the ability of the actuator to dissipate ther- 
mal energy, the actuator may become excessively hot 
with an associated risk of failure. In other cases, the ac- 
tuator may be able to continue operation at an elevated 
temperature. In such cases, however, the elevated op- 
erational temperature may result in thermal distortion of 
the actuator's internal mechanism and a generally high- 
er rate of wear for that mechanism. In either case, it may 
be appreciated that an extended elevation in the oper- 
ational temperature of the actuator may lead to a de- 
crease in the mean time between failures (MTBF) for a 
given actuator type. 

Another disadvantage associated with the use of 
linear voice coil actuators as a lifting means has been 
the tendency for the actuator to adopt the fully extended 
configuration under power failure conditions. In more 
detail, it may be appreciated that the position of the coil 
and grip of a linear voice coil actuator is dependent on 
the presence and magnitude of the electrical current ap- 
plied to the electromagnetic coil. In cases where the 
electrical current is removed, however, the coil and grip 
are free to move trans lationally. As a result, when the 
actuator is oriented to lift or vertically reposition assem- 
bly components and a power failure condition occurs, 
the weight of the grip and coil tends to cause the grip to 
adopt the extended configuration. This can lead to sev- 
eral undesirable results. One such result, which is easily 
appreciated, is the tendency under power failure for the 
actuator to inadvertently lower a lifted component and 
thereby damage the component or other components 
on the assembly line. Another undesirable result occurs 
when power failure causes the extended actuator to 
contact components of the assembly apparatus which 
continue to move through inertia or separate power sup- 
ply. 

In light of the above, it is an object of the present 
invention to provide an actuator for moving, inspecting 
and positioning assembly components in an automated 
assembly operation. Yet another object of the present 
invention is to provide an actuator which reduces power 
consumption and associated thermal waste produced 
during operation of the actuator. Yet another object of 
the present invention to provide an actuator which as- 
sumes a known and predetermined configuration in the 
event of a power failure. Yet another object of the 
present invention to provide an actuator which efficiently 
moves large masses with relatively great speed. Still an- 
other object of the present invention is to provide an ac- 



tuator which is relatively simple to use, relatively easy 
to manufacture and comparatively cost effective. 

SUMMARY OF THE PREFERRED EMBODIMFNT 



An actuator for transporting and positioning a work- 
piece in an automated assembly procedure includes a 
housing formed to enclose a chamber. A fixed-pole 
magnet is mounted within the housing to establish a 
10 fixed magnetic field within the chamber. The fixed-pole 
magnet is preferably a rare earth magnet and is formed 
as a substantially rectangular projection that extends 
through the length of the enclosed chamber. An electro- 
magnetic coil, formed with an open passageway, is slid- 
es ingly mounted to the housing for translational movement 
within the chamber. The coil is positioned with the fixed- 
pole magnet extending through the passageway of the 
coil. As the coil moves translationally, it passes over the 
length of the fixed-pole magnet. For an alternate em- 
20 bodiment of the present invention, a plurality of magnets 
can be mounted on the housing and the electromagnetic 
coil can be slidingly mounted within the chamber for re- 
ciprocation in the magnetic field between the magnets. 
In either case, conductive wire windings are wrapped 
25 around the electromagnetic coil. 

The windings wrapped around the electromagnetic 
coil are connected to an external power source allowing 
an electric current to be passed through the windings. 
Adjustments to external power source allow the magni- 
30 tude and direction of the current flow within the windings 
to be selectively controlled. As the current flows through 
the windings, a variable magnetic field is created to in- 
teract with the fixed magnetic field in the chamber. In 
this fashion, a force is created between the fixed-pole 
35 magnet and the electromagnetic coil which causes the 
electromagnetic coil to move translationally within the 
chamber. The magnitude and orientation of this force 
are adjustable by appropriate adjustments to the elec- 
trical current created by the external power source. As 
40 a result, the translational position of the electromagnetic 
coil may be selectively controlled by appropriate adjust- 
ments to the external power source. 

In accordance with the present invention, the actu- 
ator also includes a grip which is mounted to the elec- 
45 tromagnetic coil for translational movement between a 
retracted configuration and an extended configuration. 
Preferably, the grip is a hollow rod which is mounted on 
the electromagnetic coil for translation movement with 
the electromagnetic coil. For one embodiment of the ac- 
so tuator, the grip can have an end-piece which is operable 
to grasp the workpiece or component to be moved. In 
an alternate embodiment for the actuator, a vacuum 
source can be operativefy connected with the rod to cre- 
ate a suction through the hollow rod that holds the work- 
55 piece or product component against the rod during 
transport. 

The present invention also includes a retractor con- 
sisting of a spring positioned between the electromag- 
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netic coil and the housing. The actual spring may be ei- 
ther a compression or an extension type spring. In the 
case where a compression type spring is used, the 
spring is positioned to compress as the electromagnetic 
coil moves trans lationally to position the grip in the ex- 
tended configuration. Alternatively if an extension type 
spring is used, the spring is positioned to stretch as the 
electromagnetic coil moves translationally to position 
the grip in the extended configuration. At least one end- 
point of the spring is movable, allowing installed length 
of the spring to be selectively adjusted and thereby al- 
lowing the force generated by the spring to be reconfig- 
ured to suit the needs of a particular application. 

For the purposes of the present invention, the phys- 
ical parameters of the spring are selected to establish a 
preconfigured translational configuration known as a 
dwell configuration. In greater detail, and as already dis- 
cussed, the electromagnetic coil of the present invention 
is movable to position the grip within a range of transla- 
tional configurations extending from a retracted config- 
uration to an extended configuration. Generally, the 
translational configuration of the grip is controlled by op- 
eration of the external power source. In the absence of 
any control from the external power supply, however, the 
electromagnetic coil is moved by action of the retractor 
spring until the coil and the grip have reached the dwell 
configuration. It is particularly important to note that the 
actuator may be maintained in the dwell configuration 
without expending current through the electromagnetic 
coil. 

The particulardwell configuration chosen for the ac- 
tuator depends on the end purpose for which the actu- 
ator is intended. For instance, in some cases it may be 
desirable to choose a dwell configuration that matches 
the retracted configuration. In most cases, however, a 
dwell configuration that extends the grip to a configura- 
tion intermediate to the extended and retracted config- 
urations will be desirable. In cases where the actuator 
is used in a lifting or vertical positioning capacity, the 
retractor spring may be chosen so that the dwell config- 
uration positions the grip, electromagnetic coil and as- 
sembly component at a specific vertical elevation. Ad- 
ditionally, the endpoint of the spring may be adjusted to 
select or tune a particular dwell configuration. Prefera- 
bly, the dwell configuration is chosen to reflect the ele- 
vation at which the grip and assembly component are 
maintained for the longest time duration during the 
course of an operational cycle. 

In a typical operational sequence of the present in- 
vention, the external power supply is used to apply a 
current to the electromagnetic coil causing the coil and 
grip to move translationally until an assembly compo- 
nent is contacted. The grip is then caused to grasp the 
component using vacuum or some other grasping 
means. The external power source then applies a sec- 
ond current to the electromagnetic coil causing the coil 
and grip to lift the assembly component until the dwell 
configuration of the actuator is reached. The actuator 



may then be moved translationally or rotationally by a 
variety of methods well known in the pertinent art. A third 
current may then be applied to the electromagnetic coil 
lowering the assembly component until the component 

5 may be released by the grip. The entire sequence may 
then be repeated for additional assembly components. 

The novel features of this invention, as well as the 
invention itself, both as to its structure and its operation, 
will be best understood from the accompanying draw- 

w ings, taken in conjunction with the accompanying de- 
scription, in which similar reference characters refer to 
similar parts, and in which: 



BRIEF DESCRIPTION! QF THE DRAWINGS 

Figure 1 is an isometric view of the present inven- 
tion in its operative environment; 
Figure 2 is a side elevational view of the present 
invention, shown in the extended configuration with 
portions removed for clarity; 
Figure 2A is an enlarged cut-away of the retractor 
of the present invention taken from Figure 2; 
Figure 3 is a side elevational view of the present 
invention, as shown in Figure 2, with the grip of the 
present invention now shown in an intermediate 
configuration; 

Figure 4 is a side elevational view of the present 
invention, as shown in Figure 3, with the grip of the 
present invention now shown in the retracted con- 
figuration; 

Figure 5 is a side elevational view of an alternate 
embodiment of the present invention, shown in the 
extended configuration with portions removed for 
clarity; and 

Figure 6 is a side elevational view of an alternate 
embodiment of the present invention, as shown in 
Figure 5 with the grip of the present invention now 
shown in the retracted configuration. 

40 DESCRIPTION OF PREFERRFP EMBODIMENTS 
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20 
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Referring initially to Figure 1, the actuator of the 
present invention, for moving and positioning an assem- 
bly component in an automated assembly operation, is 
*5 shown in its intended environment and is designated 1 0. 
As shown, the actuator 1 0 is operatively mounted on an 
automated assembly machine 12 for movement be- 
tween a position wherein the actuator (designated 10) 
retrieves a component 1 4 from a conveyor 1 6 and trans- 
so ports the component 1 4 to a position wherein the actu- 
ator (designated 10') places the component 14 into en- 
gagement with another end product component 18. Af- 
ter their assembly, the combination of components 14 
and 18 is then taken by a conveyor 20 to a subsequent 
55 workstation where it is packaged or further combined 
with other components (not shown). As far as the actu- 
ator 10 and its operation is concerned, it is to be appre- 
ciated that the machine 12 shown in Figure 1 is only ex- 
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emplary. Indeed, the actuator 10 can be mounted on a 
variety of machines (not shown) for movement between 
a plurality of preselected positions. 

The basic structure of the present invention may be 
seen in Figure 2 where it can be seen that the actuator 
10 includes a housing 22 which is formed to enclose a 
chamber 24. The housing 22 is relatively compact, and 
is configured and dimensbned to be comparatively flat. 
Importantly, though not shown in the Figures, this con- 
figuration allows the actuator 10 to be easily stacked 
with other such devices for improved efficiency in an au- 
tomated assembly operation. 

A fixed-pole magnet 26 is mounted to the housing 
22 within the chamber 24. The fixed-pole magnet 26 is 
preferably a rare earth magnet and is formed as a sub- 
stantially rectangular projection that extends in parallel 
with the length of the enclosed chamber 24. A rail 28 is 
also mounted to the housing 22 within the chamber 24 
and a piston assembly 30 is slidingly mounted to the rail 
28 allowing the piston assembly 30 to move translation- 
ally within the chamber 24. 

A grip 32 is mounted for translational movement 
with the piston assembly 30. Preferably, the grip 32 is 
formed as an elongated tubular member. The proximal 
end of the grip 32 is mounted to the piston assembly 30 
and the distal end of the grip 32 extends through a hole 
31 in the housing 22 substantially as shown. The distal 
end of the grip 32 includes some form of grasping means 
34. In general, the grasping means 34 may be imple- 
mented using any apparatus or device which allows an 
assembly component to be selectively grasped and sub- 
sequently released. For example, experience has dem- 
onstrated that it is often practical to implement grasping 
means 34 as a vacuum or suction device. Alternatively, 
grasping means 34 may be implemented using an elec- 
tromagnet. 

The present invention also includes an electromag- 
netic coil 36. Like the grip 32, the electromagnetic coil 
36 is attached to the piston assembly 30 and moves 
translationally with the piston assembly 30. The electro- 
magnetic coil 36 is formed to surround a passageway 
(passageway not shown) and the passageway is 
shaped and dimensioned so that the fixed-pole magnet 
26 may be passed through the passageway. The elec- 
tromagnetic coil 36 is positioned so that the fixed-pole 
magnet 26 projects through the passageway. As the pis- 
ton assembly 30 moves translationally within the cham- 
ber 24, the electromagnetic coil 36 passes over the 
length of the fixed-pole magnet 26. 

An electrically conductive wire 38 is wrapped or 
wound repeatedly around the electromagnetic coil 36 to 
form a winding 40. Preferably, the wire 38 is wrapped 
around the coil 36 so that the wire 36 is substantially 
perpendicula r to the passageway of the electromagn etic 
coil 36 at all points along the length of the wire 36. For 
the purposes of the present invention, the electrically 
conductive wire 38 is coated with an electrically non- 
conductive substance. 



Continuing with Figure 2, it may be seen that a con- 
nector 42 is attached to pass through the housing 22. 
Additionally, a flexible harness 44 is attached between 
the connector 42 and the piston assembly 30. To 
s achieve the goals of the present invention, the connec- 
tor 42 and harness 44 are configured to pass various 
signals between the connector 42 and the piston assem- 
bly 30. Specifically, the connector 42 and the harness 
44 are configured to provide a connection between an 
10 external source of electrical current (current source not 
shown) and the wire 38 wrapped around the electro- 
magnetic coil 36. 

As described in the preceding paragraphs, the 
present invention includes a piston assembly 30, a grip 
15 32 and an electromagnetic coil 36. Both the grip 32 and 
the electromagnetic coil 36 are attached to move trans- 
lationally with the piston assembly 30. This translational 
movement of the piston assembly 30, grip 32 and elec- 
tromagnetic coil 36 may be best appreciated by com- 
20 parison of Figures 2, 3 and 4. Referring initially to Figure 
2, the actuator 10 is shown in the fully extended config- 
uration. This configuration is characterized by a trans- 
lational separation, or deflection 46, between the distal 
end of the grip 32 and the housing 22. In fact, the de- 
25 flection 46 shown in Figure 2 is the maximum deflection 
attainable by the actuator 10. 

Referring now to Figure 3, the actuator 1 0 is shown 
in an intermediate configuration. The intermediate con- 
figuration is characterized by a translational separation, 
30 or deflection 48 of the distal end of the grip 32 from the 
housing 22. Importantly, comparison of Figure 2 and 
Figure 3 reveals the deflection 46 shown in Figure 2 to 
be greater than the deflection 48 shown in Figure 3. The 
decrease in deflection between Figure 2 and Figure 3 is 
35 accomplished, of course, by the translational movement 
of the piston assembly 30, grip 32 and electromagnetic 
coil 36. 

Turning finally to Figure 4, it may be seen that the 
actuator 10 is shown in a retracted configuration. Unlike 
40 the extended configuration shown in Figure 2 and the 
intermediate configuration shown in Figure 3, the re- 
tracted configuration shown in Figure 4 is characterized 
by a lack of translational separation or deflection be- 
tween the distal end of the grip 32 and the housing 22. 
45 The decrease in deflection between Figure 3 and Figure 
4 is accomplished, of course, by further translational 
movement of the piston assembly 30, grip 32 and elec- 
tromagnetic coil 36. 

The translational movement of the piston assembly 
so 30, grip 32 and electromagnetic coil 36, as described 
above, forms the basic movement of the actuator 10. To 
cause this translational movement, a variable magnetic 
field is created using the electromagnetic coil 36. The 
variable magnetic field interacts with the fixed magnetic 
55 field created by the fixed-pole magnet 26, creating a 
force between the fixed-pole magnet 26 and the elec- 
tromagnetic coil 36. As a result, the electromagnetic coil 
36, along with the piston assembly 30 and grip 32, relo- 
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cate translationally In greater detail, the connector 42 
and the harness 44 whereby an electrical current may 
be selectively passed through the wire 38 which forms 
the winding 40 of the electromagnetic coil 36. As the cur- 
rent passes through the winding 40, a variable magnetic 
field is created in the chamber 24. The magnitude and 
polarity of this force are selectable by appropriate ad- 
justments to the magnitude and polarity of the electric 
current. The variable magnetic field necessarily inter- 
acts with the fixed magnetic field created by the fixed- 
pole magnet 26 creating a force between the fixed-pole 
magnet 26 and the electromagnetic coil 36. As a result, 
the electromagnetic coil 36, grip 32 and piston assembly 
30 will move translationally. The force, direction and du- 
ration of the translational movement is selectable by ap- 
propriate adjustments to the magnitude and polarity of 
the electric current. 

The actuator 10 of the present invention also in- 
cludes a retractor 50 mounted between the housing 22 
and the piston assembly 30. The retractor 50 includes 
a return spring 52 mounted within a spring guide 54. For 
clarity, the retractor 50 is enlarged and shown separate- 
ly in Figure 2. It may be appreciated that translational 
movement of the piston assembly 30 will cause the re- 
turn spring 52 to become either compressed or extend- 
ed. This effect of movement of the piston assembly 30 
on the return spring 52 may be visualized by comparison 
of Figure 2 and Figure 3. In Figure 2, the piston assem- 
bly 30 has been moved to extend the grip 32. As a result, 
the return spring 52 has become compressed. In com- 
parison, Figure 3 shows the actuator 10 after the piston 
assembly 30 has translationally moved to partially re- 
tract the grip 32. As a result, the return spring 52 has 
become somewhat extended. It is to be appreciated that 
the return spring 52 will exert a force on the piston as- 
sembly 30 that increases as the actuator 1 0 approaches 
the fully extended configuration shown in Figure 2. 

To allow some adjustment to the force generated by 
the return spring 52, the present invention preferably in- 
cludes a threaded barrel 56 on spring guide 54. The 
threaded barrel 56 passes through housing 22, allowing 
the spring guide 54 to be rotatably advanced or retracted 
to increase or decrease the force generated by the re- 
turn spring 52. Preferably, spring guide 54 also includes 
a lock nut 56 and a slot 60. The slot 60 is engagable 
with a bladed tool, such as a screwdriver or alien 
wrench, simplifying the task of advancing or retracting 
the spring guide 54. Once the spring guide 54 has been 
correctly positioned by use of slot 60, the lock nut 56 
engages the housing 22 to maintain the position of the 
spring guide 54. 

As discussed, return spring 52 has the effect of ap- 
plying a force directed against the piston assembly 30 
that increases as the piston assembly 30, electromag- 
netic coil 36 and grip 32 move to adopt the fully extended 
configuration shown in Figure 2. The result of this force 
is that the piston assembly 30, electromagnetic coil 36 
and grip 32 are biased to return to a specific, and pre- 



determined, translational configuration, such as the 
translational configuration shown in Figure 2. This trans- 
lational configuration is known as the dwell configura- 
tion. Importantly, the dwell configuration is maintained 
5 by the return spring 52 until some force, such as the 
force applied by the electromagnetic coil, causes the ac- 
tuator 10 to alter the translational configuration of the 
piston assembly 30, electromagnetic coil 36 and grip 32. 
As a result, the actuator 10 may be maintained in the 
10 dwell configuration without consumption of electric pow- 
er by the electromagnetic coil 36. By appropriate selec- 
tion of return spring 52, any translational configuration 
between the extended configuration shown in Figure 2 
and the retracted configuration shown in Figure 4 may 
f5 be selected as the dwell configuration. For the purposes 
of illustration, however, the following discussion as- 
sumes that the dwell configuration for the actuator 10 
has been chosen to match the intermediate configura- 
tion shown in Figure 3. 
20 Generally, for purposes of the present invention, it 
is desirable to specifically choose a dwell configuration 
which reflects the end use to which the actuator 10 will 
be put. For instance, in many cases, the actuator 10 will 
be repeatedly cycled through a sequence of steps which 
25 comprise an operational cycle. In such cases, it is de- 
sirable to choose a dwell configuration so that the 
amount of time spent by the actuator 1 0 in the dwell con- 
figuration is maximized. Maximizing the portion of the 
operational cycle spent in the dwell configuration has 
30 the effect of reducing power consumption and associat- 
ed production of waste heat. 

Regardless of the translational configuration cho- 
sen for the dwell configuration, selection of the return 
spring 52 may be accomplished by following a specific 
35 process. To begin the selection process, the actuator 1 0, 
and the intended environment for the actuator 10, are 
first analyzed to define the total moving load (denoted 
W) that must be overcome by the return spring 52 to 
place the actuator 10 in the dwell configuration. For the 
40 specific case of an actuator 1 0 that is vertically oriented 
(such as the actuator 10 shown in Figures 2 through 4) 
and used to vertically reposition assembly components, 
the calculated value of W will include the weight of the 
piston assembly 30, the electromagnetic coil 36, the grip 
45 32, attachment means 34 as well as one-half of the 
weight of the return spring 52. Additionally, the calculat- 
ed value of W is preferably adjusted to include the 
weight of the assembly component to be repositioned 
allowing the actuator 1 0 to naturally adopt the dwell con- 
50 figuration under load. 

Once a value for W has been determined, the actu- 
ator 10 is measured to determine the deflection of the 
return spring 52. The deflection, or L1 , is defined as the 
change in the overall length that the return spring 52 will 
55 undergo as the actuator 10 moves from the retracted 
configuration to the dwell configuration. In the case of 
the actuator 10 shown in Figure 3, deflection L1 corre- 
sponds to the deflection 48. Finally, after values have 
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been obtained for W and L1 , a return spring 52 is se- 
lected so that the equation L1 = W / K is satisfied, where 
K is the spring coefficient of the selected return spring 
52. A particular dwell configuration may, of course, be 
further refined by adjustment to the spring guide 54. 

By following the process for selection of the return 
spring 52, as just described, a specific return spring 52 
may matched to a desired dwell configuration. Impor- 
tantly, however, the present invention recognizes that a 
number of additional criteria may be applied to the se- 
lection process for the return spring 52. Choosing a re- 
turn spring 52 that meets these additional criteria results 
in higher operational reliability for the return spring 52 
and actuator 10. To understand these criteria, it is first 
necessary to define a number of physical parameters 
which describe the return spring 52 and other aspects 
of the actuator 10. With regard initially to the return 
spring 52, it is adequate to note that return spring 52 is 
characterized by a free length, denoted L, an installed 
length, denoted D, and a solid compressed length, de- 
noted Ls. Free length L, installed length D and solid 
compressed length Ls are all measured using tech- 
niques well known in the art. Importantly, installed length 
D is measured when the grip 32 is in the retracted con- 
figuration as shown in Figure 4. For purposes of illustra- 
tion, the installed length D of the return spring 52 is 
shown in Figure 4 and designated 62. 

Proper selection of the return spring 52 also re- 
quires measurement of the maximum deflection, or L3, 
of the actuator 10. Maximum deflection L3 is defined as 
the change in the overall length that the return spring 52 
will undergo as the actuator 1 0 moves from the retracted 
configuration to the extended configuration. In the case 
of the actuator 10 shown in Figure 2, maximum deflec- 
tion L3 corresponds to the deflection 46. Importantly, the 
maximum deflection L3 corresponds to the greatest de- 
flection which the return spring 52 will be subject to dur- 
ing the operation of the actuator 10. 

The actuator 10 is also characterized by a stroke 
L2. More specifically, the stroke L2 is defined as the 
change in the overall length that the return spring 52 will 
undergo as the actuator 10 moves from the dwell con- 
figuration to the extended configuration. Stroke L2 is not 
specifically shown in the Figures. However, for the ac- 
tuator 10, it may be appreciated that the stroke L2 is 
equivalent to the change in translational configuration 
as the actuator 10 moves from the configuration shown 
in Figure 3 to the fully extended configuration shown in 
Figure 2. 

Finally, several parameters relating to force and 
weight must be ascertained. These include: the required 
output force of the actuator, denoted Fr, the actual out- 
put force of the actuator, denoted F, and a safety factor, 
denoted Ks. Measurement of parameters Fr and F gen- 
erally follows techniques well known in the art. Param- 
eter Ks, on the other hand, is a numerical value exceed- 
ing one which is determined according to methods well 
known in the art. 
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Keeping the foregoing parameters in mind, the 
process of spring selection is completed by selection of 
a return spring 52 which simultaneously solves the fol- 
lowing six equations: 

L1 = W/K 



L3 = (L1 + L2) * Ks 



L2* K<W 



L2 * K < (F - Fr) 



D = L - L1 



L = L3 + Ls 

As previously discussed, the return spring of the ac- 

25 tuator 1 0, as shown in Figures 2, 3 and 4 is a compres- 
sion type spring which becomes increasingly com- 
pressed as the actuator moves from the retracted con- 
figuration shown in Figure 4 to the extended configura- 
tion shown in Figure 2. Alternatively, the return spring 

30 52 shown in Figures 2, 3 and 4 may be replaced by an 
extension type spring of the type show in Figures 5 and 
6 and designated 64. More specifically, it may be seen 
in Figure 5 that the actuator 10 is in an extended con- 
figuration similar to the actuator 10 shown in Figure 2. 

35 Similarly, the actuator 10 of Figure 6 is shown in a re- 
tracted configuration matching the retracted configura- 
tion of the actuator 1 0 of Figure 4. Importantly, the over- 
all length of the spring 64 shown in Figure 5 exceeds 
the overall length of the spring 64 shown in Figure 5. In 

40 other words, the return spring 64 is forced to expand as 
the actuator 10 moves from the retracted configuration 
shown in Figure 6 to the extended configuration shown 
in Figure 5. As a result, the return spring 64 applies the 
same type of force to the piston assembly 30 as is ap- 

45 plied by the return spring 52. 

Importantly, the return spring 64 of Figures 5 and 6 
may be configured to create the same range of dwell 
configurations attainable with return spring 52. Gener- 
ally, the selection process whereby a specific return 

so spring 64 may is chosen for use in actuator 10 follows 
the process previously outlined for compression type re- 
turn spring 52. In the case of extension type spring 64, 
however, an additional parameter, namely the initial ten- 
sion of the return spring 64, denoted Fi, must be ascer- 

55 tained. The selection process then chooses a specific 
spring which satisfies the following five equations: 
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L1 = (W-Fi)/K 



L3 = (L1+L2)*Ks 



L2 * K< W 



L2 * K < (F - Fr) 



D = L + L1 

OPERATION 

Operation of the present invention is generally pre- 
ceded by selection of a proper dwell configuration. This 
is generally accomplished by a combination of spring 
selection, as described above, and adjustment to the 
threaded barrel 56 of the spring guide 54 to fine tune the 
installed length 62 of the return spring 52. 

In operation, the present invention is generally cy- 
cled through a repetitive sequence of steps. These 
steps generally involve grasping an assembly compo- 
nent, moving or otherwise repositioning the component, 
and releasing the component. To begin an exemplary 
sequence of steps, an external power supply passes an 
electrical current through the connector 42 and the har- 
ness 44 to energize the winding 40 wrapped around the 
electromagnetic coil 36. The electric current in the wind- 
ing 40 produces a variable magnetic field in the chamber 
24 which interacts with the fixed magnetic field produced 
by the fixed-pole magnet 26. The interaction between 
the variable magnetic field and the fixed magnetic field 
creates a force between the electromagnetic coil 36 and 
the fixed-pole magnet 26. As a result, the piston assem- 
bly 30 moves translationally to reposition the grip 32. 
Selective control of the polarity and magnitude of the 
electric current allows the translational movement of the 
piston assembly 30 and the grip 32 to be controlled al- 
lowing the grip 32 and the grasping means 34 to be po- 
sitioned against the assembly component. 

Once the grasping means 34 has contacted the as- 
sembly component, a vacuum may be created within the 
grip 32 and grasping means 34 to hold the assembly 
component in contact with the grasping means. Alterna- 
tively, the grasping means 34 may be implemented elec- 
tromagnet ically to allow retention of the assembly com- 
ponent using magnetic force. 

After the assembly component has become secure- 
ly affixed to the grasping means 34, the electrical current 
in the winding 40 may be disabled, dissolving the vari- 
able magnetic field produced by the electromagnetic coil * 
36 and winding 40. Freed from the force created by the 
interaction between the variable magnetic field and the 
fixed magnetic field, the piston assembly 30, electro- 



magnetic coil 36, grip 32, grasping means 34 and as- 
sembly component are free to move translationally un- 
der the influence of the return spring 52. This transla- 
tional movement continues until the grip 32 reaches the 

5 dwell configuration defined by the proceeding equa- 
tions. Once the dwell configuration has been reached, 
the actuator 10 and assembly component may be rotat- 
ed or moved translationally by means well known in the 
art. Importantly, the action of the return spring 52 main- 

io tains the actuator 10 in the dwell configuration without 
the passage of any electrical current through the wind- 
ing 40 thereby reducing power consumption and heat 
generation. 

After the assembly component has been relocated 
or otherwise processed, a second electrical current may 
be passed through the winding 40 to once again cause 
the actuator 10 to relocate the assembly component. 
The operational sequence ends as the grasping means 
34 releases the assembly component allowing the cycle 

20 to be repeated for additional assembly components 

While the particular actuator for moving and posi- 
tioning an assembly component in an automated as- 
sembly operation as herein shown and disclosed in de- 
tail is fully capable of obtaining the objects and providing 

25 the advantages herein before stated, it is to be under- 
stood that it is merely illustrative of the presently pre- 
ferred embodiments of the invention and that no limita- 
tions are intended to the details of the construction or 
design herein shown other than as defined in the ap- 

30 pended claims. 



Claims 

1. A device for moving and positioning an assembly 
component in an automated assembly operation 
which comprises: 

a housing; 

magnetic means mounted on said housing for 
creating a magnetic field; 
an electromagnetic coil slidably mounted on 
said housing for carrying a current, said coil be- 
ing disposed for reciprocal translational move- 
ment within said magnetic field in response to 
current flow through said coil; 
a grip mounted on said coil for reciprocal trans- 
lational movement between a retracted config- 
uration and an extended configuration; 
a retractor for causing said grip to move trans- 
lationally to adopt a dwell configuration in the 
absence of current flow through said coil; and 
means electrically connected with said coil for 
providing said electrical current to move said 
coil in translation. 

2. A device as recited in claim 1 wherein said retractor 
is adjustable to selectively configure said dwell con- 
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figuration. 

3. A device as recited in claim 1 wherein said retractor 
comprises a coil spring positioned between said 
housing and said coil, said coil spring being increas- s 
ingly deformed as said grip moves trans lationally 
from said retracted configuration to said extended 
configuration, said deformation of said coil spring 
causing a force to be applied to said grip in opposi- 
tion of said trans lational movement. w 

4. A device as recited in claim 3 wherein said coil 
spring has an installed length and wherein said re- 
tractor further comprises means for selectively ad- 
justing said installed length. u 

5. A device as recited in claim 4 wherein said means 
for selectively adjusting said installed length of said 
coil spring comprises a spring guide positioned be- 
tween said housing and said coil, said position of 20 
said spring guide adjustable relative to said housing 

to increase or decrease said installed length of said 
coil spring. 

6. A device as recited in claim 1 wherein said dwell 2s 
configuration is intermediate to said extended con- 
figuration and said retracted configuration. 

7. A device as recited in claim 1 wherein said means 

for creating a magnetic field comprises a magnet 30 
mounted on said housing. 

8. A device as recited in claim 7 wherein said magnet 
is formed as a projection. 

35 

9. A device as recited in claim 8 wherein said electro- 
magnetic coil is formed with a passageway for slid- 
ingly receiving said projection of said magnet, for 
translational movement of said electromagnetic coil 
along said magnet. 40 

10. A device as recited in claim 9 wherein said electro- 
magnetic coil further includes an electrically con- 
ductive wire wound around said electromagnetic 
coil. 4S 

11. A device for transporting and positioning an assem- 
bly component which comprises: 
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cal translational movement between a retract- 
ed configuration and an extended configura- 
tion; and 

a return spring to cause said grip to return to a 
predetermined dwell configuration in the ab- 
sence of said electrical current. 

12. A device as recited in claim 11 wherein said magnet 
is formed as a projection. 

13. A device as recited in claim 11 wherein said grip is 
formed as a rod attached to said coil to project 
through said housing. 

14. A device as recited in claim 13 which further com- 
prises grasping means attached to said grip for 
grasping said assembly component. 

15. A device as recited in claim 14 wherein said grip is 
substantially contained within said housing when 
said grip adopts said retracted configuration. 

16. A device as recited in claim 15 wherein said grip 
protrudes from said housing when said grip adopts 
said extended configuration. 

17. A device as recited in claim 11 wherein said return 
spring comprises a coil spring positioned between 
said housing and said coil, said coil spring being in- 
creasingly deformed as said grip moves translation- 
ally from said retracted configuration to said extend- 
ed configuration, said deformation of said coil 
spring causing a force to be applied to said grip in 
opposition of said translational movement. 

18. A device as recited in claim 1 7 further comprising a 
spring guide positioned between said coil spring 
and said housing. 

19. A device as recited in 18 wherein said coil spring 
has an installed length and wherein said spring 
guide is adjustable to select said installed length. 
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a housing; 50 
a rare earth magnet mounted on said housing 
for creating a magnetic field; 
a electromagnetic coil for carrying a current, 
said coil being disposed around said magnet for 
reciprocal translational movement within said ss 
magnetic field in response to said current; 
a grip for holding said assembly component, 
said grip being attached to said coil for recipro- 
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